ABSTRACT We recently described a method for measuring sinus node refractoriness in the rabbit heart. Atrial premature beats either may result in reset return responses or may become interpolated because of encroachment on sinus node refractoriness. In previous studies with rabbits we defined the effective refractory period of the sinus node (SNERP) as the longest premature interval that is interpolated. This study presents results on the extension of this technique to the measurement of sinus node refractoriness in man. Out of 30 patients (12 with and 18 without sinus node dysfunction), SNERP could be measured in 26 at one or more basic cycle lengths. At a basic pacing cycle length of 600 msec, SNERP ranged from 250 to 380 msec (mean 325 39) in patients without sinus node dysfunction and from 500 to 550 msec (mean 522 + 20) in patients with sinus node dysfunction. This clear differentiation of patients with and without sinus node dysfunction by SNERP is in contrast to various results obtained by assessing sinus node function from sinus node recovery time and sinoatrial conduction time. Thus this study suggests the possible use of the measurement of SNERP in the assessment of sinus node function in man and its possible value in identifying patients with sinus node dysfunction.
EVALUATION of sinus node function in the clinical setting usually involves the assessment of automaticity and sinoatrial conduction time by programmed atrial stimulation."1 Another property of cardiac tissue, refractoriness, is not routinely measured because of the unique pattern of activation in the region of the sinus node. 5 In other areas of the heart, recording the excitatibn process proximal and distal to the site in which refractoriness is measured may enable one to assess the effect of premature stimuli on characteristics of propagation across the site of interest. However, in the sinus node an atrial depolarization is propagated retrogradely toward the sinus node, which is engulfed by the approaching wavefront and is depolarized last.5 Therefore one cannot measure electrical activity distal to the node, which not only is the structure where one wants to measure refractoriness but also serves as the impulse generator. Furthermore, conduction into the sinus node is clinically undetectable in patients, even when the recently described catheter technique for direct recording of the sinus node electrogram is used. 6 By observing return cycles after atrial premature beats, we recently described a method of measuring sinus node refractoriness in an isolated preparation of right atrium from rabbits. 7 We based our study on previous observations by Childers et al. 5 and others9-12 that late premature atrial beats enter and reset the sinus node, resulting in a reset return response, whereas early premature beats are blocked en route to the sinus node and are interpolated. We were able to demonstrate that the transition from the zone of reset to the zone of interpolation corresponds to the rapid fall in the amplitude of the action potential in the sinus node; thus, this transition appears to be a reflection of sinus node refractoriness.
The extension of this technique to man may help to improve the sensitivity of diagnostic testing for sinus node dysfunction. In this study we report the preliminary results of a method used to measure sinus node refractoriness in man and to compare its measurements in patients with and without sinus node dysfunction. premature atrial depolarization; A3 = first spontaneous atrial depolarization after A2; A,A2 = premature interval; A2A3 = recovery interval; AIA3 = encompassing interval, encompassing the premature depolarization. The recovery interval was then plotted as a function of the premature interval. In this study we defined the effective refractory period of the sinus node (SNERP) as the longest premature interval that resulted in interpolation of the premature beat. Sinus node recovery time', 2 and sinoatrial conduction time3' 4 were measured in 12 of 18 normal patients and in all 12 patients with sinus node dysfunction. Sinus node recovery time was measured at multiple pacing cycle lengths, and the maximum recovery interval was corrected by subtracting the spontaneous cycle length. The upper limit for corrected sinus node recovery time was accepted as 525 msec.II Sinoatrial conduction time was recorded as the sum of antegrade and retrograde conduction times, and the upper limit of normal was accepted as 206 msec. 13 14 Results of determinations of SNERP at a basic cycle length of 600 msec were compared between patients with and without sinus node dysfunction with Student's t test for unpaired data.
Methods

Results
The SNERP could be measured successfully at one or more basic cycle lengths in 26 of the 30 patients (table 1). In four patients (two with and two without sinus node dysfunction) SNERP could not be measured at any cycle length tested. In nine patients SNERP could be measured at certain basic cycle lengths but not at others. Figure 1 shows an example of the intracardiac recordings during determination of a refractory period at a basic cycle length of 500 msec. Graphic representation of determination of the same refractory period is shown in figure 2 , where the recovery interval was plotted as a function of prematurity (patient 7). The SNERP can be identified by the sudden transition from the zone of reset to the zone of interpolation. Figure 3 contrasts a determination of a refractory period in a normal patient (figure 3, A) with one in a patient in whom sinus node dysfunction was documented ( figure  3, B) .
The basic cycle length most commonly used was 600 msec, with successful measurement of SNERP obtained in 13 normal patients and in six patients with sinus node dysfunction. In the normal patients the mean SNERP was 325 + 39 msec (SD) compared with 522 ± 20 msec in the patients with sinus node dysfunction (p < .001). At this basic cycle length there appeared to be a clear demarcation between patients with and without sinus node dysfunction ( figure 4) .
Because of the slower sinus rate in patients with sinus node dysfunction, SNERP could be measured at longer basic cycle lengths than in the normal patients. Shorter basic cycle lengths were not used in this group .because of the possibility of atriosinus entrance block during the basic drive. At cycle lengths of 700 and 800 msec, SNERP ranged between 440 and 700 msec with mean values of 487 + 29 and 580 ± 105 msec at each basic cycle length, respectively.
In 11 patients SNERP was successfully measured at more than one basic pacing cycle length. In nine SNERP was prolonged with shortening of the basic cycle length, whereas in one it did not change and in one it appeared to decrease. The one patient (patient 22) in whom SNERP appeared to decrease with shorter basic cycle length had sinus node dysfunction on the basis of an apparent increase in vagal tone. She was given atropine (0.04 mg/kg) plus propranolol (0. In one patient (patient 13) propranolol and digoxin were given, and SNERP was prolonged from 300 to 440 msec at a basic cycle length of 600 msec (figure 6). Attempts were made to record corrected sinus node recovery time (CSNRT) and sinoatrial conduction time (SACT) in all patients with sinus node dysfunction and in 12 of 18 normai patients (table 1). In those with sinus node dysfunction, CSNRT was abnormal in only three patients, all of whom had other overt evidence of disease of the sinus node. CSNRT was not prolonged in any of the eight patients with sinus bradycardia alone. SACT could not be measured in three patients with sinus node dysfunction because of sinus arrhythmia. In five it was prolonged, and it was normal in four with only sinus bradycardia. In contrast with the variable results of conventional testing, SNERP was prolonged in all 10 patients with sinus node dysfunction in whom it could be measured. More important, SNERP was definitely prolonged in all patients with sinus bradycardia.
In the normal patients CSNRT was 540 msec in one and normal in the 11 others measured. SACT was 260 msec in one of 12, normal in eight, and could not be measured because of sinus arrhythmia in three. In the patient with an SACT of 260 msec, SNERP was normal.
At a total of 17 cycle lengths in 14 patients, SNERP could not be measured because of an inability to identify the transition from reset to interpolated return responses. In nine patients the reason for this inability could be surmised. In five (patients 3, 5, 25, 26, and 29), SNERP could not be measured at the shortest basic cycle length that was attempted. Therefore SNERP probably exceeded the basic cycle length, and atriosinus entrance block may have occurred during the basic drive. In two patients (Nos. 4 and I 1) SNERP was probably shorter than the functional refractory period of the atrium, which is reflected by the inability to record a transition to interpolated responses at the longer cycle lengths. significantly with changes in blood pressure, degree of anxiety, administration of drugs, and direct effects of pacing. Consequently, future studies should include assessment of refractoriness in the presence of autonomic blockade. One patient in this study had SNERP measured in the control state and after autonomic blockade. This resulted in acceleration of sinus rate and shortening of SNERP, which suggests that excessive vagal tone was contributing to bradycardia and prolonged refractoriness.
In summary, atrial premature beats at a critical degree of prematurity encounter sinus node refractoriness and are therefore interpolated. The longest premature interval at which interpolation occurs appears to be a reasonable reflection of the refractory period of the sinus node. In this study we have demonstrated the potential application of this test in man. The addition of the measurement of sinus node refractoriness to other tests that assess automaticity and sinoatrial conduction may increase the sensitivity of diagnosis of patients with sinus node dysfunction.
